Bacterial indicator organisms are used globally to assess the microbiological safety of waters.
INTRODUCTION
TTV is a small, non-enveloped, single stranded DNA virus that was first isolated in Japan from the serum of a patient with post-transfusion hepatitis (Nishizawa et were quantified using the membrane filtration technique.
Samples (1 and 10 mL) were filtered through 0.45 μm nitrocellulose (Millipore, Billerica, MA, USA) membranes which were placed on Chromocult™ coliform agar (Merck, München, Germany) for E. coli and Chromocult™ Enterococci agar (Merck, München, Germany) for enterococci.
The plates were incubated overnight at 37 W C and then typical colonies were counted providing colony forming unit counts (Sidhu et al. a, b) .
Coliphage enumeration
Coliphages were enumerated in accordance with accepted methodologies and with appropriate QA/QC procedures.
The US samples were analyzed for somatic and male-specific coliphages by EPA Method 1602, the single layer agar method (US EPA ). E. coli CN-13 (ATCC 700609, Manassas, VA; resistant to nalidixic acid) and E. coli F-amp (ATCC 700891, Manassas, VA; resistant to streptomycin and ampicillin) were used as hosts for somatic and male-specific coliphages, respectively. Samples were supplemented with magnesium chloride, log phase host bacteria, and agar.
Plates were incubated overnight at 36 W C and examined for plaque forming units (PFU)/100 mL. In Italy, somatic coliphages were enumerated by the ISO double agar layer plaque assay method using E. coli C ( 
Viral enumeration
In the United States, drinking water samples were hollow- In Italy, water samples were concentrated using two-stage tangential flow ultrafiltration. After prefiltration on polypropylene membranes, the samples were filtered through a polysulphone membrane with a 10,000 MW exclusion size.
The samples were reconcentrated with a mini-ultrasette apparatus and washed using 15-20 mL of 3% beef extract at pH 9, obtaining a concentrated sample of 40 mL at pH 7. The con- 
RESULTS

Bacterial indicator results
Total coliforms, E. coli and/or enterococci were enumerated in all samples (data not shown). Results showed expected patterns. Fecal samples had a wide range of indicator concentrations, from below detection limits to 10 8 MPN per gram. Among water samples, raw wastewaters had the highest indicator concentrations (up to 10 8 MPN per 100 mL total coliforms and 10 6 MPN per 100 mL E. coli). Levels decreased by two to three orders of magnitude through treatment, with bacteria levels in the hundreds of MPN per 100 mL in final wastewater samples prior to disinfection.
Next, stormwater samples from Australia had lower fecal bacterial levels than wastewater, with concentrations in the tens to 10 4 CFU/100 mL. Seawater and surface water samples were variable depending on overall water quality.
Samples downstream of a wastewater treatment plant outfall had E. coli in the thousands per 100 mL, compared to drinking water sources in the tens per 100 mL. Finished drinking waters were all negative for E. coli, as expected.
Coliphage results
Coliphage concentrations in fecal samples, wastewaters and waters are summarized in Table 2 Coliphage concentrations in surface waters from the USA were much lower than samples from Italy. The median and maximum concentration of somatic coliphages in the seawater samples (n ¼ 12) were 250 and 700 PFU/ 100 mL. In surface water samples in Italy, median and maximum concentrations were on the order of 10 5 PFU/100 mL.
For US surface water samples, 80.0% and 46.7% were below detection limits for male-specific and somatic coliphages, and for ground water samples, 75.0% were below detection limits for both male-specific and somatic coliphages. For samples with detectable levels, concentrations were in the tenths to ones of PFU/100 mL. US surface and groundwater samples were all drinking water sources. Similarly, the distribution system samples had a high percentage of nondetects (80.0%) for coliphages.
Virus results
Quantitative results for viruses are summarized in Table 3 . NT -not tested, BDL -below detection limit. waters in the USA, but was detected in the majority of wastewater samples (100% of raw samples and 67% of treated samples). In this study, samples were collected in water sources expected to be less influenced by wastewater discharges.
DISCUSSION
While TTV and adenoviruses were found in all stormwater samples in Australia, median values were in the tenths to ones of genomic copies per mL. TTV was not found in seawater samples in Italy, nor in surface waters in the USA. In this study, differences in phage concentrations were not seen in wastewaters (for which many more samples had concentrations above detection limits than in drinking waters). 
Correlation analysis
Spearman Rank correlations were calculated for quantitative data sets and point biserial for binary data sets. Table 4 shows correlation analysis results for TTV in various matrices, though correlations were performed for all data sets with n ! 20 (full results not shown). In the fecal samples, there were correlations between the bacterial indicators and somatic coliphages, but no correlations to malespecific coliphages. TTV presence (of which only three samples were positive) was not correlated to any other parameter tested. However, the data sets were small and did not utilize the same methodologies. Overall, these results support the need for careful, coordinated investigation of TTV as a water quality viral indicator before it can be adopted or abandoned.
